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Summary-Improvement  in  depression  after  total  sleep  deprivation  (TSD)  is,  as  a  rule,  followed 
by  relapse  after  subsequent  ad  libitum  sleep.  This  study  is addressed  to  the  question  of  how  nocturnal 
partial  sleep  following  TSD  affects  this  relapse.  Thirty  endogenously  depressed  patients  participated 
in  the  study.  During  the  night  after  TSD,  subjects  were  allowed  sleep  during  one  of  three  periods, 
i.e.,  unlimited  sleep  (11:OO p.m.-8:00  a.m.),  early  partial  sleep  (11:OO p.m.-3:00  a.m.),  or  late  partial 
sleep  (4:OO a.m.-8:Ctl a.m.).  The hypothesis that partial sleep deprivation on the night following 
TSD  prevents relapse has to be rejected. Relapse was inversely related to a drop in  minimum  rectal 
temperature  during  the  night  with  unlimited  or  partial  sleep,  compared  with  minimum  rectal 
temperature  on  the  previous  night. 
INTRODUCTION 
DEPRESSIVES show  characteristic  sleep  disturbances  throughout  the  night.  Their  sleep  is 
shallow,  fragmented,  and  short  (GILLIN et al.,  1984).  Total  sleep  time  is reduced  and  sleep 
is frequently  interrupted  by  wakefulness.  The  amount  of  slow  wave  sleep  is decreased,  and 
rapid  eye  movement  (REM)  sleep  characteristics  are  changed.  Depressed  patients  seem  to 
be  short  of  sleep.  Paradoxically,  the  shortening  of  sleep  by  total  or  partial  sleep  deprivation 
has  been  shown  to  ameliorate  depression  (KUHS  &  TULLE,  1986).  As  a  rule,  however,  a 
relapse  follows  nocturnal  sleep  following  total  sleep  deprivation  (TSD). 
The  question  is raised  of  how  this  relapse  may  be  prevented.  The  repeated  use  of  partial 
sleep  deprivation  in  the  later  part  of  the  night  has  been  reported  to  be  effective  in  this 
respect  (SACK,  JAMES,  ROSENTHAL,  &  WEHR,  1988).  In  addition,  the  initial  gradual 
improvement  after  phase  advancement  of  the  sleep-wake  cycle  (WEHR,  WIRZ-JUSTICE, 
GOODWIN,  DUNCAN,  &  GILLIN,  1979)  may  be  interpreted  as  resulting  from  repeated 
limitation  of  sleep  to  the  first  part  of  the  night.  In  a pilot-study  (VAN  BEMMEL  &  VAN  DEN 
HOOFDAKKER,  1981),  it  was  reported  that  relapse  after  TSD  may  be  prevented  by  limiting 
sleep  to  the  first  part  of  the  night.  The  present  study  was  designed  to  replicate  this  finding. 
During  the  night  following  TSD,  subjects  were  allowed  either  unlimited  or  partial  sleep. 
To  investigate  the  influence  of  the  timing  of  partial  sleep,  sleep  was  permitted  either  during 
the  first  part  of  the  night  or  during  the  later  part  of  the  night. 
TSD-related  changes  in  depression  have  been  related  to  several  physiological  measures, 
in  particular,  sleep  EEG  (REYNOLDS  et  al.,  1987)  and  body  core  temperature  (ELSENGA 
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&  VAN  DEN  HOOFDAKKER,  1988).  Relapse  following  the  recovery  night  has  hardly  been 
investigated  with  regard  to  these  variables.  Thus,  it  is  of  interest  to  study  clinical  change 
following  a  night  with  partial  sleep  in  relation  to  characteristics  of  the  course  of  rectal 
temperature  and  sleep  EEG  during  that  night. 
METHOD 
Design  of  the  sleep-wake  schedule 
Thirty  endogenously  depressed  patients  followed  the  schedule  sleep-TSD-sleep-TSD, 
similar  to  the  pilot-study  mentioned  above  (VAN  BEMMEL &  VAN  DEN  HOOFDAKKER,  1981). 
During  the  night  after  the  second  TSD,  subjects  were  allowed  to  sleep  between  11:OO p.m. 
and  8:00  a.m.  (all  night  sleep;  n =  lo),  between  11:OO p.m.  and  3:00  a.m.  (early  partial 
sleep;  n=  lo),  or  between  4:00  a.m.  and  8:00  a.m.  (late  partial  sleep;  n=  10).  The 
polygraphically  measured  maximum  sleep  duration  allowed  for  both  groups  with  partial 
sleep  was  3 h.  Average  total  sleep  times,  sleep  onset  and  awakening  times  are  presented 
in  Table  1.  Assignment  to  groups  was  random  in  so  far  as  every  three  subjects  enlarged 
each  group  by  one  subject.  Great  care  was  taken  to  keep  the  subjects  awake  during  the 
deprivation  periods.  Nurses  watched  the  patients  in  order  to  prevent  brief  napping. 
Particularly  at  periods  of  increased  sleepiness,  patients  were  encouraged  to  engage  in  a 
number  of  recreational  activities  or  to  go  out  for  a walk.  Daytime  naps  were  not  allowed. 
TABLE  1. SAMPLE  CHARACTERISTICS 
All  night 
sleep 
Early 
partial  sleep 
Late 
partial  sleep  Total 
Age  Mean  51.4 
sd  9.4 
Sex  (M/F)  3/l 
No.  of  drug-free  Ss  6 
DSM-III 
uni/bipolar  8/2 
single/recurrent  4/4 
nonpsychotic/psychotic  4/5  (I)* 
Time7  of 
sleep  onset  11:58 p.m.  (46) 
awakening  7:40 a.m.  (21) 
Blind  (Y/N/Uncertain)  8/1/l 
50.3 
13.3 
4/6 
5 
8/2  l/2  (l)*  2316 (l)* 
216  2/5  (l)*  8/15  (l)* 
5/4  (l)*  8/l  (l)*  17/10  (3)’ 
11:40 p.m.  (14) 
2:38 a.m.  (16) 
5/2/3 
4:36 a.m.  (23) 
7:29 a.m.  (20) 
8/2/O  21/5/4 
48.2  50.0 
15.7  12.7 
4/6  II/19 
4  15 
*Unreliably  coded  data. 
tMean  (standard  deviation  in  minutes). 
Antidepressant  medication 
Treatment  with  the  antidepressant  drug,  clomipramine,  began  at  6:00  p.m.  on  the  day 
before  the  first  TSD  (day  one)  at  a dosage  of  50 mg  and  was  increased  by  50  mg  the  next 
day  at  8:00  a.m.  This  schedule  was  also  maintained  on  the  third  day.  On  the  fourth  day, 
dosage  was  again  increased  at  12:00  noon  by  50  mg.  The  last  dosage  increase  of  50  mg 
was  made  on  the  sixth  day  at  10:00  p.m.  Thereafter,  the  dosage  (4  x  50  mg)  was  fixed. 
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minimum  drug-free  period  before  the  first  TSD  was  4.5  days.  Upon  referral  to  the  hospital, 
15 patients  were  drug-free.  The  average  drug-free  period  for  the  remaining  15 patients  was 
8.5  days  (SD=6.0). 
Subjects 
Thirty  hospitalized  endogenously  depressed  patients  were  selected  by  two  psychiatrists 
according  to  the  following  criteria:  (1) depressed  mood;  (2) the  presence  of  ‘vital’  symptoms 
such  as  anorexia,  weight  loss,  retardation,  agitation,  diurnal  variation,  and  early  morning 
awakening;  (3)  the  absence  of  obvious  precipitating  life  events  adequately  explaining  the 
depression;  and  (4)  a minimum  score  of  20  on  the  Hamilton  Rating  Scale  for  Depression 
(HAMILTON,  1967).  The  interview  was  carried  out  two  days  before  the  first  TSD  and  was 
rated  by  two  independent  raters.  Patients  were  excluded  from  the  study  when  high  suicide 
risk  or  signs  of  physical  illness  provided  contra-indications  to  the  use  of  TSD  (e.g.,  epileptic 
phenomena)  or  of  antidepressant  drugs  (e.g.,  cardiovascular  problems).  Characteristics 
of  the  patient  sample  are  given  in  Table  1. DSM-III  diagnoses  were  obtained  post  hoc  by 
the  same  two  raters  who  selected  the  patients.  Classification  into  unipolar  vs.  bipolar 
depression  could  not  reliably  be  obtained  for  one  patient.  In  three  patients,  the  presence 
or  absence  of  psychotic  features  was  unclear.  Informed  consent  was  obtained  in  all  cases. 
Clinical  measures 
Self-ratings  (SR)  of  depression  were  gathered  daily  at  9:00  a.m.,  5:00  p.m.,  and  1l:OO 
p.m.  (VON  ZERSSEN,  1986).  The  scale  score  ranges  from  0  to  56,  a  high  score  indicating 
a high  degree  of  depression.  Observer  ratings  (OR)  were  gathered  by  raters  who  were  blind 
to  the  experimental  conditions  and  who  were  external  to  the  ward  where  the  treatment 
took  place.  Ratings  were  obtained  at  about  9:00  a.m.  and  5:00  p.m.  The  observer  raters 
used  the  same  scale  as  the  patients.  To  this  end  the  instruction  for  the  use  of  the  scale 
was  changed  slightly.  Some  of  the  observer  raters  did  not  remain  blind  to  the  experimental 
procedure.  Several  other  observers  had  heard  a  few  details  about  the  experiment  but 
remained  uninformed  about  the  nature  of  the  procedure  (see  Table  1). 
Physiological  measures 
The  sleep  electroencephalogram  (EEG)  was  measured  during  the  night  with  either 
unlimited  or  partial  sleep.  Patients  were  acquainted  with  this  procedure  because  they  had 
been  sleeping  under  the  same  circumstances  during  the  two  nights  before  the  first  TSD. 
Sleep  stages  were  scored  according  to  the  standard  criteria  of  RECHTSCHAFFEN  and  KALES 
(1968).  Sleep  onset  time  was  defined  by  the  appearance  of  the  first  sleep  spindle  or  K- 
complex.  Rectal  temperature  was  measured  continuously  throughout  the  entire  experimental 
period.  For  several  subjects,  rectal  temperature  data  were  not  available  due  to  technical 
problems. 
Analysis 
To  evaluate  the  effects  of  unlimited  or  partial  sleep,  averaged  values  were  calculated 
for  the  depression  measurements  at  9:00  a.m.  and  5:00  p.m.  for  SR  and  OR,  separately. 
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sleep  were  calculated.  This  difference  is referred  to  as  response.  If  this  response  is negative, 
it will  be  referred  to  as relapse,  irrespective  of  the  extent  to  which  the  patient  had  responded 
to  the  previous  TSD.  F-  and  t-tests  were  used  to  test  the  differences  between  the  groups. 
The  rectal  temperature  data  were  averaged  over  10 min  periods.  Unless  otherwise  specified, 
the  nonparametric  Kendalls’  r  coefficient  (MARASCUILO &  MCSWEENEY,  1977)  was  used 
as  a  measure  of  correlation. 
RESULTS 
The  response  to  either  unlimited  or  partial  sleep  was  tested  for  dependency  upon 
characteristics  of  the  sample  (see  Table  1). Only  one  significant  effect  was  found:  according 
to  the  observer  raters,  psychotic  depressives  showed  a  larger  negative  response  than  non- 
psychotics  (t(25)  = 2.94,  p  <  .007). 
The  course  of  self-rated  depression  during  the  first  six  days  is represented  in  Fig.  1. The 
main  question  concerns  the  effect  of  partial  sleep  vs.  all  night  sleep  on  depression.  As 
expected,  a  relapse  followed,  on  average,  for  the  group  sleeping  all  night  following  the 
second  TSD.  However,  a large  relapse  also  occurred  in  the  early  partial  sleep  group.  The 
late  sleep  group  showed  a small  relapse  but  it must  be  noted  that  the  response  to  the  previous 
TSD  was  also  very  small  in  this  subgroup.  A  further  observation  can  be  made  regarding 
the  time  of  onset  of  the  relapse.  The  findings  for  the  early  partial  sleep  group,  in  particular, 
demonstrate  that  the  relapse  occurred  immediately  after  awakening. 
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FIG.  1. Course  of  self-rated  depression  during  the  first  six  days  of  the  experiment  for  the  three  groups  separately 
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Statistical  analysis  of  group  differences  with  respect  to  response  to  the  three  different 
sleep-wake  schedules  (upper  part  Fig. 2) provided  no significant  differences  between  groups 
(SR:  F(2,27)=2.75,  pc  .09;  OR:  F(2,27)=1.89,  p<  .18). 
Not  all subjects  show a positive  response  to TSD.  An uneven  distribution  over  the three 
groups  of those  who show a positive  vs. negative  response  to the preceding  TSD may obscure 
differences  between  effects  of the various  conditions.  Therefore,  those  subjects  who showed 
a positive  response  to  the  preceding  TSD  of  at least  3 points  on  the  self-rating  scale  were 
subjected  to  a  separate  analysis.  The  course  of  depression  for  these  subgroups  is 
demonstrated  in the lower part  of Fig. 2. The  figure  shows that  response  to TSD and relapse 
after  sleep  is of  similar  magnitude  in  all groups.  Furthermore,  the  correlation  (Pearson 
r) between  response  to  preceding  TSD  and  response  to  the  night  thereafter  is  -  .80,  and 
-  .82 for  SR and  OR,  respectively  (n = 30). Hence,  it must  be concluded  that  partial  sleep 
deprivation  had  no  relapse-preventing  effect. 
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FIG. 2.  Average  course  of self- and observer-rated  depression on the day before  the second TSD  and on the three 
days thereafter  for the entire group (upper part of the figure; n = 30),  and for those who showed a positive response 
to  the  second  TSD  (lower  part  of  the  figure;  n = 16). 116  SIMON ELSENGA  et  al. 
Sleep  EEG  characteristics 
Sleep  EEG  characteristics  during  the  night  with  unlimited  or  partial  sleep  are  summarized 
in  Table  2.  Average  values  for  the  two  groups  with  partial  sleep  are  not  significantly 
different.  It  may  be  noted  that  no  REM  sleep  occurred  because  of  the  use  of  clomipramine. 
It  can  be  assumed  that  the  increase  in  depression  took  place  during  the  nocturnal  sleep 
period.  Therefore,  the  question  was  raised  whether  sleep  EEG  characteristics  during  this 
period  (see Table  2) are  related  to  differences  in  depression  before  and  after  this  experimental 
night.  The  question  was  explored  for  the  two  partial  sleep  groups  separately,  as  well  as 
for  the  two  groups  combined.  It  was  found  that,  in  the  early  partial  sleep  group,  reduced 
sleep  onset  latency  was  associated  with  greater  relapse  (OR:  r  =  .57, p < .03).  Furthermore, 
lower  absolute  and  relative  amounts  of  stage  1 were  associated  with  a  greater  self-rated 
relapse  for  the  late  sleep  group  and  for  the  two  groups  combined  (lowest  r value:  r  =  .44, 
p < .008). 
TABLE ~.SLEEP EEG  CHARACTER~ST~CSDURINGTHEN~GHTW~TKUNLIMITED 
OR PARTIAL SLEEP 
All-night  Early  Late 
sleep  partial  sleep  partial  sleep 
mean  sd  mean  sd  mean  sd 
Sleep  continuity 
Sleep  period  time  462.8  (40.8)  177.3  (15.7)  171.0  (8.2) 
Total  sleep  time  427.9  (41.3)  164.4  (11.1)  166.5  (13.7) 
Sleep  onset  latency  9.2  (9.3)  18.9  (20.1)  8.7  (7.1) 
Sleep  efficiency  (070)  89.2  (5.5)  84.1  (10.0)  90.6  (9.3) 
Awake  (min)  34.6  (28.3)  12.6  (14.6)  4.1  (7.1) 
Sleep  architecture 
Stage  1 (min)  79.9  (38.0)  15.5  (14.4)  31.6  (30.1) 
(Q)  17.7  (8.8)  8.5  (7.6)  18.9  (18.5) 
Stage  2  (min)  244.6  (73.6)  64.1  (36.3)  62.6  (39.7) 
(70)  52.0  (12.1)  35.4  (18.5)  36.7  (21.9) 
Stage  3  (min)  72.5  (29.3)  51.9  (25.5)  36.7  (24.5) 
PJO)  15.8  (6.4)  29.9  (5.3)  21.3  (13.8) 
Stage  4  (min)  26.8  (28.3)  32.7  (34.6)  34.2  (41.2) 
(070)  6.1  (6.7)  19.3  (20.0)  20.0  (24.1) 
Sleep  period  time  is defined  as  the  period  from  sleep  onset  until  the  last 
stage  2,  3,  or  4.  Sleep  onset  latency  is defined  according  to  the  time  interval 
from  lights  off  until  the  appearance  of  the  first  sleep  spindle  or  K-complex. 
No  REM  sleep  was  observed  during  this  night. 
Rectal  temperature 
The  course  of  rectal  temperature  for  the  three  groups  is  presented  in  the  upper  part  of 
Fig.  3. After  they  were  awakened,  subjects  who  slept  early  showed  a course  which  differed 
only  slightly  from  that  of  subjects  who  slept  all  night.  The  late  sleep  group  showed  a clearly 
deviating  pattern. 
The  average  course  of  rectal  temperature  for  the  subjects  who  showed  a self-rated  relapse 
of  at  least  6 points  (n =  10) and  for  those  who  did  not  (n = 8) is presented  in  the  lower  part 
of  Fig.  3.  A  6-point  difference  corresponds  to  two  standard  errors  of  measurement  on  the TOTAL AND PARTIAL SLEEP DEPRIVATION  117 
depression  scale. For  those  who showed  a relapse,  on average,  a larger difference  was found 
between  minimum  rectal  temperature  during  the preceding  TSD night and the experimental 
night.  Further  analysis  revealed  that  this  difference  in  minimum  rectal  temperature  was 
related  to difference  in depression  before  and after  the night  with unlimited  or partial  sleep. 
Significant  correlations  were  found  for  differences  between  the  scores  at  9:00  a.m.  (SR: 
Kendalls’  7 (16) = 44,  p  <  .02; OR:  r (16) = .49, p  <  .005)  and  the differences  between  those 
at  5:00 p.m.  (SR:  r  (16)=  .35, p  <  .05;  OR:  7 (16)=  .25,  p  <  .15).  Hence,  the  lower  the 
minimum  rectal  temperature  during  the experimental  night  relative  to that  of the preceding 
night,  the  larger  the  relapse. 
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FIG.  3.  The  course  of  rectal  temperature  for  the  three  experimental  groups  during  the  second  TSD  and  the  two 
days  thereafter  (upper  part  of  the  figure).  The  lower  part  of  the  figure  shows  the  course  of  rectal  temperature 
for  the  subjects  who  relapsed  or  did  not  relapse  after  the  night  with  all  night  sleep  (ANS)  or  partial  sleep  (PS). 
DISCUSSION 
The  purpose  of this  study  was to  try  to replicate  a pilot-study  (VAN  BEMMEL &  VAN  DEN 
HOOFDAICKER,  1981)  suggesting  that  limitation  of  sleep in the  night  following  TSD  might 
prevent  the relapse  which usually  occurs  after  unlimited  sleep. In the present  study,  however, 118  SIMON  ELSENGA  et  al. 
no  significant  difference  in  depression  was  found  between  the  effects  of  partial  sleep  and 
unlimited  sleep  following  TSD.  With  regard  to  the  timing  of  partial  nocturnal  sleep  following 
TSD,  no  clear  signs  of  a  differential  effect  on  depression  were  found  between  early  and 
late  partial  sleep. 
No  other  studies  are  available  at  present  in  which  an  attempt  was  made  to  prevent  the 
relapse  by  partial  sleep  deprivation  during  the  recovery  night  following  TSD.  Partial  sleep 
deprivation  of  the  later  part  of  the  night  without  a prior  TSD  has  been  reported  to  produce 
therapeutic  effects  either  with  (e.g.,  PHILIPP,  1978;  SCHILGEN & TULLE,  1980;  HOLSBOER- 
TRACHSLER &  ERNST,  1986;  ELSENGA et  al.,  1990)  or  without  (SACK  et  al.,  1988)  the 
concurrent  use  of  antidepressant  medication.  Possibly,  the  prior  use  of  TSD  in  the  present 
study  detracted  from  the  effects  of  partial  sleep. 
An  alternative  explanation  relates  to  the  timing  of  sleep,  in  particular  the  time  of 
awakening  following  early  partial  sleep.  The  times  of  awakening  used  in  other  studies  were 
1:00  a.m.  (PHILIPP,  1978),  1:30  a.m.  (SCH~GEN  &  TULLE,  1980),  1:30  a.m.  (HOLSBOER- 
TRACHSLER & ERNST,  1986),  and  11:OO p.m.  (ELSENGA, VAN DEN HOOFDAKKER,  & DOLS, 
1990).  In  fact,  the  actual  times  of  awakening  may,  on  average,  have  been  earlier  due  to 
spontaneous  awakenings.  In  the  present  study,  the  patients,  on  average,  woke  up  at  2:38 
a.m.  (early  partial  sleep  group).  One  might  speculate  that  the  relapse  following  early  partial 
sleep  was  due  to  the  late  termination  of  sleep.  This  interpretation  fits  the  idea  of  a critical 
period  during  which  sleep  promotes  depression  or,  alternatively,  during  which  deprivation 
of  sleep  induces  antidepressant  effects  (ELSENGA, 1985;  VAN DEN HOOFDAKKER & BEERSMA, 
1988).  This  interpretation  of  the  results  in  terms  of  a  critical  period  is  further  supported 
by  the  results  of  SACK et  al.  (1988).  The  repeated  use  of  early  partial  sleep  before  2:00 
a.m.  showed,  in  contrast  to  late  partial  sleep  after  2:00  a.m.,  a cumulative  antidepressant 
effect. 
It  has  been  contended  that  the  REM  sleep  deprivation  component  of  TSD  is not  critical 
for  production  of  antidepressant  effects  (GILLIN,  1983).  In  contrast  to  partial  or  total  sleep 
deprivation,  selective  REM  sleep  deprivation  requires  a  long  period  before  clinical 
improvement  occurs.  Apart  from  that,  the  sleep  EEG  findings  in  this  study  also  fail  to 
indicate  a  role  for  REM  sleep  to  explain  the  relapse  after  TSD.  Due  to  the  use  of 
clomipramine,  no  REM  sleep  was  noted  during  the  night  with  unlimited  or  partial  sleep 
but  a  relapse  was  still  observed. 
Clinical  response  to  the  night  with  all  night  sleep  or  partial  sleep  was  significantly  related 
to  the  difference  in  minimum  rectal  temperature  during  this  night  and  during  the  preceding 
TSD  night.  The  larger  the  relapse,  the  lower  the  minimum  rectal  temperature  relative  to 
that  during  the  previous  deprivation  night.  Earlier,  it was  found  that  the  level  of  minimum 
rectal  temperature  during  the  nocturnal  period  of  TSD  is inversely  related  with  the  clinical 
response  to  TSD  (ELSENGA & VAN DEN HOOFDAKKER,  1988).  Thus,  lower  nocturnal  rectal 
temperature  values  were  associated  with  relapse  and  higher  rectal  temperature  values  during 
TSD  with  a  positive  response.  Hence,  one  might  speculate  that  failure  to  maintain 
antidepressant  response  after  TSD  by  partial  sleep  deprivation  might  be  due  to  failure  to 
induce  a  high  level  of  rectal  temperature  during  that  night.  However,  in  view  of  the  fact 
that  the  relationships  observed  are  correlational,  such  causal  inferences  are  purely  speculative 
at the  moment.  Nevertheless,  it is conceivable  that  a further  study  of  the  relationship  between TOTAL AND PARTIAL SLEEP DEPRIVATION  119 
thermoregulation  and  clinical  response  to  sleep-wake  manipulations  may  provide  clues  to 
preventing  relapse  after  TSD. 
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